BACKGROUND: Colon cancer is the third leading cause of death from cancer in the United States. Recent studies report on increasing proportions of proximal cancers. The etiology behind this epidemiological trend is unclear, and its implication on survival outcomes is unknown. Further analysis of the impact of anatomic site of disease among a large multiethnic population will help facilitate research and education to improve colon cancer screening and treatment. OBJECTIVE: To investigate the association between proximal tumor location and survival in patients with colon cancer. DESIGN AND PARTICIPANTS: A large retrospective cohort study in the US utilizing the Surveillance, Epidemiology, and End Results (SEER) cancer registry analyzed survival outcomes of patients with colon cancer. Multivariable logistic regression analyses investigated sex-specific, race/ethnicity-specific, and anatomic site-specific disparities in survival. MAIN MEASURES: Five-year survival outcomes from colon cancer. RESULTS: Our study demonstrated significant disparities in survival by sex, race/ethnicity, and anatomic site. Across all time periods and among most cohorts, patients with proximal cancers had significantly worse survival outcomes. When compared to distal cancers, patients with proximal cancers were 13% less likely to survive 5 years (OR 0.87; 95% CI,. When compared to non-Hispanic whites, blacks were 30% less likely to survive 5 years (OR 0.70; 95% CI, 0.68-0.73). Stage-specific multivariable regression analysis of localized cancers demonstrated similar findings. CONCLUSIONS: Significant race-specific, sex-specific, and anatomic site-specific disparities in colon cancer survival exist. Proximal cancers are associated with worse survival odds. These disparities may reflect differences in the genotype and phenotype of colon cancer among these groups. A modified risk assessment tool that incorporates these variations may be more effective in the early detection and treatment of colon cancer.
INTRODUCTION
Colon cancer is the third leading cause of death from cancer in the US among men and women. 1 The institution of widespread screening and surveillance programs for early detection and treatment of colon cancer has led to significant improvements in mortality. [2] [3] [4] However, recent studies have reported on sexspecific and race/ethnicity-specific disparities that persist despite the overall improvements achieved. For example, males and blacks demonstrated consistently worse colon cancer survival outcomes when compared to females and non-Hispanic whites, respectively. [5] [6] [7] [8] [9] [10] [11] Whether these differences result from inherent variations in group-specific cancer biology or reflect variations in health care access that may affect timely detection and treatment is unclear. Recent studies have also reported on the changing epidemiology of colon cancer with an increasing trend towards more right-sided or proximally located disease. [11] [12] [13] [14] [15] [16] [17] These trends may not necessarily reflect a net increase in the incidence of proximal colon cancers, but rather a more significant decline in distal or left-sided cancers, thereby affecting the overall proportional distribution of disease by anatomic site. Blacks and females are disproportionately affected by this shift as these groups demonstrated greater degrees of proximally distributed disease. [11] [12] [13] Survival benefits from current cancer screening programs have been called into question for proximal disease, and some have suggested that differences in epidemiology may necessitate more frequent screening intervals among this cohort. [14] [15] [16] [17] [18] The impact of this shifting distribution towards more proximal disease and whether the anatomic site of colon cancer at diagnosis predicts survival outcomes are unclear. Knowledge of anatomic site-specific survival outcomes among a large representative cohort will be important in guiding research and education to evaluate current colon cancer screening programs. In the current study, we aimed to further delineate the epidemiology of proximal and distal colon cancers, survival disparities among a large multiethnic population, and whether the proximal location of cancer is associated with worse survival outcomes.
METHODS

Data Sources
The Surveillance, Epidemiology, and End Results (SEER) database is a comprehensive population-based registry that collects information on cancer prevalence, incidence, and survival in the US. 
Case Definitions
Cases of colon cancer were identified using the International Classification of Disease for Oncology, 3rd edition. 21 Detailed information on stage of disease and tumor localization was available. Cancer localization was based on the SEER system of recording anatomic site of disease: proximal colon (cecum, appendix, ascending colon, and hepatic flexure), transverse colon, and distal colon (splenic flexure, descending colon, sigmoid colon, rectosigmoid junction, and rectum). Subset analyses that excluded rectal cancers were also included. Cancer stages were based on SEER staging systems: "localized" cancers are confined to the colon without transmural invasion to or beyond the serosa; "regional" cancers have spread beyond the serosa or have evidence of regional lymph node involvement; "advanced" cancers have evidence of distant lymph node involvement or metastatic disease.
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Age-Specific and Year-Specific Analyses
Age of cancer diagnosis and year of cancer diagnosis were included in our evaluation. In addition to inclusion of age as a continuous variable in multivariable logistic regression analyses, we also evaluated survival outcomes using age cohorts (<40 years old, 40-60 years old, >60 years old). The same methodology was applied to data for year of cancer diagnosis. The current study utilized two different time periods for analysis (1983-1997 and 1998-2005) . The rationale for utilizing this type of categorization reflects the way SEER compiles its cancer treatment data. From 1983 From -1997 From and 1998 From -2005 , SEER utilized two different methods for categorizing treatment data. In both time periods, SEER records the first treatment regimen, and not necessarily the most recent or most definitive form of therapy received. The current study included treatment data in multivariable regression analyses, and for consistency of comparisons, similar time periods were studied. Prior to 1983, the treatment data available were less clear and less consistent for analysis.
Outcome Definitions
The main outcome was the proportion of patients surviving 5 years after diagnosis of colon cancer. The study evaluated the association between tumor anatomy and 5-year survival after a diagnosis of colon cancer using multivariable logistic regression models.
Statistical Analysis
Analyses were performed using the SEER*Stat 6. Figure 1 ). Even among advanced stage disease, where the overall 5-year survival is less than 8%, a small, statistically significant improvement was demonstrated. For example, 5-year survival for advanced stage proximal cancers improved from 5.8% (95% CI, 5.5-6.1) in 1973-1997 to 7.5% (95% CI, 6.4-8.6) in 1998-2005, p<0.01. Improved survival outcomes across time periods were similar among all cohorts and did not differ between proximal disease and distal disease (Table 1) .
Trends in 5-Year Survival Outcome
Adjusted Site-Specific Survival Analysis
Multivariable logistic regression analyses were performed for 5-year survival outcomes. 
Demographic Variations in Survival
For all time periods and for both proximal cancers and distal cancers, males and blacks as a group had worse overall 5-year survival (Table 1) . Similar trends were demonstrated in multivariable logistic regression models (Tables 2 and 3 Table 3) . Similar trends persisted when focusing the analysis on localized cancers (Table 4) .
DISCUSSION
Our large population-based study demonstrated significant anatomic site-specific disparities in colon cancer survival in the US. Patients with proximal colon cancers had significantly worse 5-year survival when compared to patients with distal cancers. This survival difference persisted among most groups and across most time periods. Even after adjusting for potential confounding factors including stage of disease at diagnosis and treatment received, proximal cancers were 13% less likely to survive 5 years when compared to distal cancers (Table 3) . While the etiology behind these site-specific differences is unclear, variations in tumor biology, screening practices, and inter-stage variability may play a role. Some studies have suggested higher miss rates on colonoscopy for proximal cancers due to variations in technique and skill, resulting in more advanced disease at presentation. 12, 13, 17 Proximal lesions tend to be smaller in size and more often non-polypoid flat in appearance, further contributing to greater miss rates on colonoscopy. This phenomenon would lead to disparities in stage of disease between proximal and distal cancers with more advanced stages of disease at presentation accounting for the relatively greater mortality among proximal disease. Even after adjusting for stage of disease at presentation, our regression analysis continued to demonstrate anatomic site-specific survival disparities. For similar staged disease, it is unlikely that significant treatment variations exist between proximal and distal cancers. Nevertheless, our regression analysis also adjusted for therapy received. The significantly greater mortality among proximal cancers persisted.
Inter-stage variability and a component of Will Rogers bias may partially account for survival differences. As stated in our methods, SEER utilizes a relatively simple staging system primarily for categorization of disease and not necessarily for prognostic determination. A spectrum of disease exists within each category such that "regional" cancers from two separate cohorts may have varying degrees of disease progression and mortality. Furthermore, the Will Rogers bias, which suggests that "localized" cancers from one time period may be more accurately classified as "regional" or "advanced" in a different time period, could lead to inaccurate survival data. Our study performed a detailed stage-specific analysis that focused on localized tumors. While Will Rogers bias and inter-stage variability may still occur, their impact on this subset analysis is expected to be less significant because all patients are subject to the same biases. In our study, stage-specific analysis of localized cancers continued to demonstrate sitespecific variations: patients with proximal cancers were 15% less likely to survive 5 years compared to those with distal cancers.
Variations in tumor biology have been implicated in cancer incidence and survival disparities. Studies have suggested that disease biology is different between proximal colon cancers and distal colon cancers. [24] [25] [26] [27] [28] For example, microsatellite instability and CpG island methylation are more common in proximal cancers, whereas chromosomal instability is more characteristic of distal cancers. 25 These molecular distinctions are important in light of recent evidence demonstrating variations in response to adjuvant chemotherapy based on specific microsatellite instability markers. 29, 30 It is conceivable that inherent differences in colon cancer biology not only affect disease progression, but also response to therapy and prognosis. The idea that certain cohorts have variations in response to treatment that affect health outcomes is not novel. For example, prior studies have reported on race-/ethnicity-specific responses to treatment for diseases such as hepatitis C, 31 hypertension, 32-34 and hepatocellular Prior studies have demonstrated significant race-specific and sex-specific disparities in colon cancer survival. [5] [6] [7] [8] [9] [10] [11] 36 In our study, blacks and males demonstrated the worst survival outcomes among all stages of disease and among both proximal and distal cancers ( Table 1 ). These sex-specific and race-specific disparities persisted after adjusting for multiple factors including geography, stage of disease, and treatment received (Tables 2, 3 and 4). While disparities in cancer screening and treatment may underlie some of these findings, continued evidence of sex-specific and race-specific survival differences after adjusting for treatment and stage of disease suggests that issues of access to health care or tumor biology may be more significant factors. Patients with sub-optimal health care access (e.g., timely cancer screening and detection) may have more advanced disease at presentation, less options for curative therapy, and greater mortality. While differences in cancer biology have been implicated for anatomic site-specific survival, no studies have demonstrated clear evidence to suggest race-/ethnicity-specific variations in colon cancer pathogenesis. Strengths of this study include the utilization of high quality data from a large population-based cancer registry that represents a large proportion of the US population. Detailed data on race classifications and therapeutic interventions permitted in-depth survival analyses using multivariable logistic regression models. The ability to stratify and incorporate stage of disease and anatomic site of disease facilitated an accurate evaluation of their impact on overall survival.
Potential limitations include the categorization scheme utilized by the SEER database for cancer stage. The SEER staging system is unique to the SEER database and is used primarily for classification of disease, not necessarily for prognostic determination. Furthermore, within each category of cancer stage, a spectrum of disease can exist. For example, while "localized" cancers are defined as being confined to the colon without transmural invasion to or beyond the serosa, it does not discern into greater detail the depth of tumor invasion or take into account the number of tumors present. These additional tumor characteristics may affect accurate classification. For example, both American Joint Committee on Cancer (AJCC) stage I and stage IIA tumors would be included as "localized" in the SEER database. Our survival analysis adjusted for stage of disease in regression models, and variations in spectrum of disease within each cancer stage would not fully account for the significant disparities seen. The retrospective nature of our study also limited the inclusion of important risk factors (e.g., family history of cancer, comorbidities, tobacco and alcohol use, diet) that would impact disease progression, treatment options, and overall survival. Furthermore, stage-specific survival analysis of localized tumors may have been confounded by lead-time bias.
In summary, our study demonstrates significantly lower 5-year survival for patients with proximal colon cancer compared to distal colon cancer. These variations may reflect the distinct genotype and phenotype of proximal colon cancers and may imply a need for a modified approach to these tumors. [24] [25] [26] [27] [28] Variations in race-/ethnicity-specific and sex-specific survival outcomes may also reflect different genetic predisposition, disease biology, or disparities in access to health care. Incorporating these concepts into research and education will be paramount to the future role of genetics in disease prevention and management. A modified risk assessment tool that incorporates colon cancer disparities may be more effective in early detection and treatment.
